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SUMMARY

 

Thl and Thl-inducing cytokines and T cell responses were investigated in human salmonellosis. Serum
IFN-

 

g

 

, IL-12 and IL-18 levels were increased significantly in patients with salmonellosis. The increase in
serum IL-15 and IL-18 levels was more significant and prolonged in patients with the systemic form of
salmonellosis than in those with the gastroenteric form. The serum IFN-

 

g

 

 level was correlated signifi-
cantly with IL-12 and IL18 levels, and the IL-15 level was correlated significantly with IL-18. Upon stim-
ulation with 

 

Salmonella in vitro

 

, mononuclear cells from salmonellosis patients produced significantly
higher amounts of IFN-

 

g

 

 and IL-12 compared with those from healthy controls. Anti-IL-12 moAb or
anti-IL18 MoAb significantly inhibited 

 

Salmonella

 

-induced IFN-

 

g

 

 production 

 

in vitro

 

. 

 

gd

 

 T cells
expressed significantly higher levels of IFN-

 

g

 

 mRNA in salmonellosis patients than in healthy controls.
The results suggest that Th1-inducing cytokines appear to be involved in the 

 

in vivo

 

 response against

 

Salmonella

 

 infection, promoting IFN-

 

g

 

 production by 

 

ab

 

 and 

 

gd

 

 T cells which plays a protective role
against 

 

Salmonella

 

.
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INTRODUCTION

 

Salmonella

 

 species are the common cause of enteric infections in
humans and are associated with significant mortality in the world.
Therefore, knowledge of the host immune response against 

 

Sal-
monella

 

, an intracellular pathogen, is essential for the under-
standing of its pathophysiology, prophylaxis and treatment.

The immune response to 

 

Salmonella

 

 infection has been stud-
ied extensively in mice [1–3]. IFN(interferon)-

 

g

 

 and IFN-

 

g

 

-
inducing cytokines such as IL-12, IL-18 and IL-15 have been
shown to play principal roles in the defence against murine

 

Salmonella

 

 infection by studies using gene knockouts and cytok-
ine neutralization [1–7]. IL-12 induces Th1 differentiation and
IFN-

 

g

 

-production from Th1 cells, while IL-18 and IL-15 play
synergistic roles with IL-12 as co-stimulants for optimal IFN-

 

g

 

-
production.

In humans, there have been only a limited number of 

 

in vivo

 

studies on the defence mechanism against 

 

Salmonella

 

 infection.
We have reported previously a critical role for 

 

gd

 

 T cells in sal-
monellosis [8]. Recently, deficiencies of the IFN-

 

g

 

 receptor 1 or 2,
the IL-12 receptor and IL-12 have been identified to be associated

with increased risks for severe and recurrent intracellular infec-
tions in humans [1,9–11].

In the present study, the levels of Th1 and Th1-inducing
cytokines such as IFN-

 

g

 

, IL-12, IL-15 and IL-18 were serially
determined and their correlations with total, 

 

ab

 

 and 

 

gd

 

 T cell
responses and clinical symptoms/signs in salmonellosis were
investigated.

 

MATERIALS AND METHODS

 

Patients

 

Thirty-six patients (16 male and 20 female) with 

 

Salmonella

 

 infec-
tion were included in the present study. All were immunocompe-
tent and were treated with antibiotics. The median age was
9·8 years (range 1·2–57 years). The diagnosis of 

 

Salmonella

 

 infec-
tion was made by positive stool culture and, in seven cases, in
combination with blood culture. Five patients were found to be
infected with 

 

Salmonella typhi

 

, one with 

 

S. enterica

 

 serovar
Paratyphi, 15 with 

 

S. enterica

 

 serovar Enteritidis, two with 

 

S. enter-
ica

 

 serovar Typhimurium, six with 

 

S. enterica

 

 serovar Oranien-
burg, one with 

 

S. enterica

 

 serovar Panama, one with 

 

S. enterica

 

serovar Saintpaul, one with 

 

S. enterica

 

 serovar Braenderup, one
with 

 

S. enterica

 

 serovar Chester, one with 

 

S. enterica

 

 serovar New-
port and two with others (

 

Salmonella

 

 O4). The symptoms of

 

Salmonella

 

 infections include gastroenteritis, bacteraemia and
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enteric fever [12]. In the present study, the 36 patients with 

 

Sal-
monella

 

 infections were classified into two groups: 10 patients
with the systemic form characterized by the dominant systemic
symptoms (fever of over 10 days’ duration, malaise, lethargy) and
26 patients with gastroenteritis (gastroenteric form). The systemic
group included five patients with 

 

S. typhi

 

, one with 

 

S.

 

 serovar

 

paratyhpi

 

 and four with 

 

S.

 

 serovar Oranienburg. The acute phase
was defined as the period with symptoms such as fever or diar-
rhoea, and ranged from 11 to 21 days for the systemic form and
from 2 to 8 days for the gastroenteric form. Age-matched normal
individuals were used as controls for flow cytometric analysis.
Blood samples were obtained after informed consent was
received and this study was approved by the ethics committee of
the Fukuoka Children’s Hospital and Medical Center for Infec-
tious Diseases.

 

Cytokine assays

 

Serum IFN-

 

g

 

, IL-12p70, IL-15 and IL-18 levels were measured by
enzyme-linked immunosorbent assay (ELISA) according to the
manufacturers’ instructions. IFN-

 

g

 

 and IL-15 ELISA kits were
purchased from BioSource International, Inc. (Camarillo, CA,
USA), the IL-12 ELISA kit from Genzyme Diagnostics, (Cam-
bridge, MA, USA) and the IL-18 ELISA kit from MBL Medical
and Biological Laboratories Co. Ltd (Nagoya, Japan). The detec-
tion limits of the ELISA kits for IFN-

 

g

 

, IL-12, IL-15 and IL-18
were 4 pg/ml, 0·5 pg/ml, 11 pg/ml and 12·5 pg/ml, respectively.
IFN-

 

g

 

 and IL-12p70 ELISA kits for 

 

in vitro

 

 cytokine production
were from Amersham Pharmacia Biotech (Uppsala, Sweden) and
R&D Systems, Inc. (Minneapolis, MN, USA), respectively.

 

Cytokine production 

 

in vitro
Mononuclear cells (MNC) were isolated from whole blood by
density-gradient centrifugation. MNC from healthy controls or
three patients were suspended at a concentration of 5 

 

¥

 

 10

 

5

 

/ml in
antibiotic-free RPMI containing 10% fetal calf serum. The MNC
were incubated for 4 h in the presence or absence of live 

 

S. enter-
ica

 

 serovar 

 

typhimurium

 

 (5 

 

¥

 

 10

 

6

 

 CFU/ml) or live 

 

Escherichia coli

 

(5 

 

¥

 

 10

 

6

 

 CFU/ml) in a 5% CO

 

2

 

 incubator at 37

 

∞

 

C. Then, the MNC
were washed twice with the above medium containing ABPC
(aminobenzyl penicillin, 100 

 

m

 

g/ml) and SM (streptomycin,
100 

 

m

 

g/ml), resuspended at a concentration of 5 

 

¥

 

 10

 

5

 

/ml and cul-
tured for 3 days. Culture supernatants were collected at days 1
and 3 for cytokine assays.

The effects of cytokine-neutralizing antibodies on IFN-

 

g

 

production were assayed with 

 

S. enterica

 

 serovar Typhimurium-
stimulated MNC (5 

 

¥ 

 

10

 

5

 

 cells/ml) from healthy controls in the
presence or absence of anti-IL-12 MoAb (10 

 

m

 

g/ml), anti-IL-15
MoAb (5 

 

m

 

g/ml), anti-IL-18 MoAb (1 

 

m

 

g/ml) or mouse IgG1. Cul-
ture supernatants on day 3 were collected for IFN-

 

g

 

 assay by
ELISA. Anti-IL-12 and IL-15-neutralizing monoclonal antibod-
ies were purchased from Genzyme and anti-IL-18 MoAb from
MBL. The mouse IgG1 control antibody was purchased from
Coulter-Immunotech Co. (Miami, FL, USA).

 

Flow cytometric analysis

 

Anti-human CD3-fluorescein isothiocyanate (FITC), HLA-DR-
phycoerythrin (PE), CD69-PE, CD4-phycoerythrin–cyanin 5·1
(PC5), pan

 

gd

 

 -PC5 and CD8-PC5 MoAbs were purchased from
Coulter-Immunotech Co. Three-colour flow cytometric analysis
was performed as described previously [13], using an EPICS XL,
Beckman-Coulter (Hialeah, FL, USA).

 

Cell sorting

 

MNC were incubated with PE-anti-CD3 MoAb and PC5-anti-

 

gd

 

or 

 

ab

 

 TCR MoAb (Coulter-Immunotech Co.) for 30 min at 4

 

∞

 

C,
washed twice, resuspended in PBS and subjected to sorting using
a cell sorter (Epics Altra, Coulter). 

 

gd

 

 T cells and 

 

ab

 

 T cells were
sorted as CD3-positive/

 

gd

 

TCR-negative and CD3-

 

gd

 

TCR-
negative fractions, respectively. The purities of the 

 

gd

 

 T cells and

 

ab

 

 T cells were 96·9 

 

±

 

 1·9% and 99·6 

 

±

 

 0·4%, respectively.

 

Quantitative reverse transcriptase-polymerase chain reaction 
(RT-PCR) by Taq Man method

 

Total RNA was isolated from frozen MNC pellets using an RNA
extraction kit using Isogen (Nippon Gene, Osaka, Japan). The
high molecular weight carrier ethachinmate (Nippon Gene) was
added to the RNA solution at the isopropyl alcohol precipitation
step to increase the recovery of RNA. cDNA synthesis was per-
formed using a first-strand cDNA synthesis kit (Amersham Phar-
macia Biotech) with random hexamers.

The forward (G1) and reverse (G2) primers of the IFN-

 

g

 

 gene
were designed to be located on exons 3 and 4, between which a
2424-bp intron exists, to avoid the amplification of genomic DNA.
The sequences of the PCR primers and the TaqMan probe for the
IFN-

 

g

 

 gene were as follows: G1; ACGAGATGACTTCGAAAA
GCTG, G2; TTTAGCTGCTGGCGACAGTTC, TaqMan probe;
CGGTAACTGACTTGAATGTCCA ACGCAA. IFN-ƒÁ Taq-
Man probe (TG) was labelled at the 5

 

¢

 

 end with the reporter dye
molecule, FAM (6-carboxyfluorescein: emission I, 538 nm). A
TaqMan ribosomal RNA control reagent kit was used to study
an internal control utilizing an rRNA TaqMan probe (TR)
labelled with JOE (6-carboxy-4,5-dichloro-2,7-dimethoxyfluores-
cein; emission l 546 nm). Both TaqMan probes were labelled with
the quencher fluor TAMRA (6-carboxytetramethylrodamine;
emission l 582 nm) at the 3

 

¢

 

 end via a linker arm nucleotide
(LAN).

IFN-

 

g

 

 / ribosomal (r)RNA expression was analysed by an
ABI PRISM 7700 Sequence Detector (Perkin Elmer, Foster City,
CA, USA). In brief, a master mixture containing all reagents for
PCR was prepared at a final concentration of 1 

 

¥

 

 TaqMan Uni-
versal PCR Master Mix. The PCR primer set and the TaqMan
probe for IFN-

 

g

 

 were at the final concentrations of 200 n

 

M

 

 and
100 n

 

M

 

, respectively, and those for rRNA at the final concentra-
tion of 50 n

 

M

 

 in a final volume of 25 

 

m

 

l.
The PCR conditions were as follows: 50

 

∞

 

C for 2 min and 95

 

∞

 

C
for 10 min, followed by 50 (IFN-

 

g

 

) or 35 (rRNA) cycles of ampli-
fication at 94

 

∞

 

C for 15 s and 60

 

∞

 

C for 1 min. During each cycle of
the PCR, the 5

 

¢-

 

3

 

¢

 

 exonuclease activity of 

 

Taq

 

 DNA polymerase
cleaves the TaqMan probe, thereby increasing the fluorescence of
the reporter dye at the appropriate wavelength. The increase in
fluorescence (

 

D

 

Rn) was proportional to the concentration of tem-
plate in the PCR mixture. The PCR cycle number at the threshold
line is represented as Ct. The expression level of IFN-

 

g

 

 was cor-
rected by that of the internal control, rRNA. The IFN-

 

g

 

 gene
expression level was defined as a ratio to that (1·00) of PHA-
stimulated MNC. Five patients, one patient with the systemic
form and four with gastroenteric form, and four healthy controls
were involved in this study.

 

Statistical analysis

 

The Kruskal–Wallis test was performed to analyse the significance
of the different values between the three groups. The Bonferroni
test was further applied to investigate the significance of the
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differences between the individual groups. Student’s t-test was
used to compare values between the groups in the in vitro cytok-
ine assay. Spearman’s correlation coefficient by rank test was used
to analyse the correlation between serum cytokines levels, or
numbers of certain T cell subsets in peripheral blood of patients
with salmonellosis. The cytokine levels under detection limits
were calculated as 0. Mann–Whitney’s U-test was used to analyse
the significance of differences between the two groups. Differ-
ences were considered to be significant when the P-value was less
than 0·05.

RESULTS

IFN-g is one of the representative Th1 cytokines involved in the
clearance of intracellular pathogens. IL-12 is a Th1-inducing
cytokine; IL-12, in concert with IL-18, strongly induces IFN-g pro-
duction. IL-15 shares many of the biological properties of IL-2
and plays a critical role in the host defence against intracellular
pathogens through T cell activation. We measured these cytokines
to investigate their role in the pathophysiolosy of salmonellosis in
humans. Serum IFN-g, IL-12, IL-15 and IL-18 levels during the
acute phase in patients with salmonellosis were significantly
higher than those in controls (Fig. 1). In addition, serum levels of
IL-15 and IL-18 in patients with the systemic form of salmonel-
losis were significantly higher than those in patients with the gas-
troenteric form (Fig. 1).

By serial determination of serum cytokine levels in salmonel-
losis, serum IL-15 and IL-18 levels were shown to have prolonged
elevation in the systemic form of salmonellosis compared with the
gastroenteric form (Fig. 2). The serum IL-15 and IL-18 levels in
the systemic form were significantly higher than those in the gas-
troenteric form at days 11–20 (P = 0·05 and P < 0·01, respectively,
data not shown).

Correlations between the maximum levels of cytokines in
each salmonellosis patient were studied, including both the sys-
temic and the gastroenteric forms. As shown in Table 1, the IFN-
g level correlated significantly with IL-12 (P < 0·05) and IL-18

(P < 0·01) levels. In addition, the IL-15 level significantly corre-
lated with the IL-18 level (P < 0·01).

We next investigated whether these Th1 and Th1-inducing
cytokines were released upon stimulation with Salmonella in
vitro. As shown in Fig. 3, significant amounts of IL-15 and IL-18
were produced by MNC from both salmonellosis patients and
healthy controls following either Salmonella- or E. coli-stimula-
tion. On the other hand, significant amounts of IL-12 and IFN-g,
in addition to IL-15 and IL-18, were produced only upon Salmo-
nella stimulation of MNC from salmonellosis patients. IFN-g pro-
duction by MNC following stimulation with Salmonella was
significantly inhibited by anti-IL-12 MoAb (P < 0·01) or anti-IL-
18 MoAb (P < 0·05), but not by anti-IL-15 MoAb (Fig. 4).

To investigate the T cell response in salmonellosis, absolute
cell numbers of T cell subsets were calculated from the percentage
determined by flow cytometry. As shown in Fig. 5, gd T cell and
HLA-DR + gd T cell numbers were significantly elevated in sal-
monellosis, consistent with our previous study [8]. An activation
ratio (HLA-DR + gd or ab T cells/total gd or ab T cells) in gd T
cells (mean ± s.d.: 0·40 ± 0·22) was also significantly higher than
that in ab T cells (0·22 ± 0·12) (P < 0·01), data not shown.

Fig. 1. Serum Th1 and Th1-inducing cytokine levels in the acute phase. S: systemic form, G: gastroenteric form, C: controls. IL-15 and IL-
18 levels in the systemic form are increased significantly compared with those in the gastroenteric form or in the controls. The error bars
show the medians, 10th and 90th percentiles. Significant differences by Kruskal–Wallis or Bonferroni test are indicated as single (*P < 0·05)
or double (**P < 0·01) asterisks. The detection limits of the ELISA kits for IFN-g, IL-12, IL-15 and IL-18 were 4 pg/ml, 0·5 pg/ml, 11 pg/
ml and 12·5 pg/ml, respectively. N = total number of samples analysed; U = number of samples below the detection limit.
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Table 1. Correlation between cytokines

r P

IFN-g -IL-12 0·532 0·013
IFN-g -IL-15 0·313 0·063
IFN-g -IL-18 0·455 0·0039
IL-12-IL-15 0·337 0·091
IL-12-IL-18 0·0258 0·94
IL-15-IL-18 0·632 0·00044

r: Spearman’s correlation coefficient by rank test.
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Fig. 2. Serial determination of Th1 and Th1-inducing cytokines in systemic and gastroenteric forms. By serial determination of serum
cytokine levels in salmonellosis, serum IL-15 and IL-18 levels were shown to have prolonged elevation in the systemic form of salmonellosis
compared with the gastroenteric form. The detection limits of the ELISA kit of IFN-g, IL-12. IL-15 and IL-18 were 4 pg/ml, 0·5 pg/ml,
11 pg/ml, and 12·5 pg/ml, respectively. S: systemic form, G: gastroenteric form.
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Finally, IFN-g mRNA was measured quantitatively using an
ABI PRISM 7700 Sequence Detector ab T cell- and gd T cell-
sorting. As shown in Fig. 6, sorted gd T cells from salmonellosis
patients contained significantly higher levels of IFN-g mRNA
compared with those from healthy controls. In a patient with the
systemic form of the disease, the highest levels of IFN-g mRNA in
gd (IFN-g/rRNA: 0·52) and ab (0·26) T cells during the acute
phase were observed. These levels declined during the convales-
cent phase (gdT cells: 0·11, ab T cells: 0·06).

DISCUSSION

The present study has demonstrated differences in the degree and
duration of cytokine responses between the gastroenteric and sys-
temic forms of Salmonella infection by serial determination of
IFN-g and IFN-g -inducing cytokines in human Salmonella infec-
tion (Figs 1 and 2). IL-15 and IL-18 responses in the systemic form
returned to normal levels much later than those in the gastroen-
teric form. These results indicated a stronger IFN-g and IFN-g-
inducing cytokine response in the systemic form. As it takes
around 6 weeks to eliminate even an attenuated virulent strain of
Salmonella in mice [3], dissemination of Salmonella in systemic
sites might result in prolonged survival of the bacteria and char-
acteristic features of cytokine and cellular immune responses in
the patients with systemic infection [12,14,15].

IL-12 plays a pivotal role in promoting type 1 cytokine
responses and cell-mediated immunity against intracellular
microbial pathogens [1,4,15–20]. In addition, deficiency or block-
ing of the IL-12/IL-12 receptor pathway causes an increased sus-
ceptibility to Salmonella infection in mice and humans [1,9–11].
Possible explanations for the only slight elevation of IL-12p70 lev-
els even in the systemic form of salmonellosis in vivo in spite of an
elevation in in vitro studies include that (1) maximal levels of

IL-12 were produced at earlier time points (Fig. 3), (2) IL-12 was
sufficient in only small quantities because neutralization of a
small amount of IL-12 resulted in strong inhibition of IFN-g pro-
duction (Fig. 4) or (3) IL-12 was secreted locally at mucosal sites
or within lymph nodes [16,21–26].

IL-18 was originally designated as an IFN-g -inducing factor
and is produced by monocytes/macrophages [24,27]. IL-18 exerts
its action fully in synergy with IL-12 in the induction of IFN-g by
T cells [24,25]. IL-18 has been shown to play a crucial role in the
control of Salmonella infection in mice, as well as in control of
intracellular infection with Mycobacterium leprae in humans [28].
In addition, IL-18 and IL-12 are potent inducers of IFN-g by Sal-
monella stimulation in vitro [22,29]. Consistent with the above
results, the IFN-g level correlated significantly with the IL-12 or
IL-18 level in our experiments, suggesting a possible involvement
of IL-12 and IL-18 in IFN-g induction against human Salmonella
infection in vivo. Higher levels of production of IL-12, IL-15, IL-
18 and IFN-g in in vitro stimulation with Salmonella in patients
with salmonellosis than controls might reflect the in vivo activa-
tion of these cytokine producing cells (Fig. 3).

IL-15 is a cytokine that shares many biological activities with
IL-2 [7,21]. IL-15 has recently been reported to play a role in pro-
tection against Salmonella infection through activation of NK
cells and gd T cells in mice [5,30,31]. In this study, the IL-15 level
significantly correlated with the IL-18 level, possibly because both
are produced by activated macrophages/monocytes [7,26].

ab T cells are important for protective immunity against Sal-
monella in mice and humans. On the other hand, murine gd T cells
also appear to play a supportive role in resistance [3,31,32] and
produce a significant level of IFN-g in response to a Salmonella-
infected murine monocyte/macrophage cell line [33]. Although
we showed that gd T cells were activated preferentially and
expanded in human Salmonella infection [8], it remains to be elu-
cidated whether human gdT cells play a role in resistance. Next,
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Fig. 3. In vitro cytokine production upon bacterial stimulation in patients with salmonellosis and healthy controls.MNC were incubated
with Salmonella, E. coli or medium alone for 4 h, washed and cultured in the presence of antibiotics for 1 day for IL-12, IL-15 and IL-18
determination and for 1 or 3 day(s) for IFN-g. Culture supernatants were assayed by ELISA. IL-15 and IL-18 were produced following
Salmonella or E. coli stimulation in both salmonellosis patients and controls. On the other hand, IL-12 and IFN-g were preferentially
produced upon stimulation with Salmonella in salmonellosis patients. �, Day 1; , day 3.
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correlations between cell numbers and cytokine levels were inves-
tigated. Activated total T cell numbers tended to be increased in
accordance with the higher levels of IFN-g , IL-15 and IL-18,
although there were no significant correlations (P = 0·067, 0·076,
0·079, respectively, data not shown). On the other hand, activated
gd T cell numbers had such a tendency only with serum IL-15 lev-
els (P = 0·080, data not shown), supporting the idea that IL-15 is
one of the gd T cell-expanding cytokines [33,34]. Finally, the rel-
ative contribution of ab and gd T cells to IFN-g production was

studied by abT cell- and gd T cell-sorting, followed by TaqMan
quantitative PCR analysis of IFN-g mRNA. gd T cells from
patients with salmonellosis were found to contain significantly
higher levels IFN-g mRNA than those from healthy controls,
which indicated at least a certain contribution of IFN-g-producing
gd T cells to the protection against human Salmonella infection in
vivo.

In summary, IL-12, IL-18 and IL-15, with complex mutual
interactions, appear to be involved in total T cell activation, as
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Fig. 6. TaqMan quantitative PCR analysis of IFN-gmRNA from sorted gd
cells and ab T cells from patients with salmonellosis and healthy controls.
Sorted gd T cells from patients with salmonellosis contained significantly
higher levels of IFN-g mRNA than those from healthy controls. In the
systemic form, much higher levels of IFN-g mRNA in gd (IFN-g /rRNA:
0·52) and ab (0·26) T cells were observed. The significant difference by
Mann–Whitney’s U-test is indicated as a single asterisk (P < 0·05).
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Fig. 4. Effects of anticytokine monoclonal antibodies on Salmonella-
induced IFN-g production in controls.The effects of cytokine-neutralizing
antibodies on IFN-g production were assayed with S. enterica serovar
typhimurium-stimulated MNC (5 ¥ 105 cells/ml) from healthy controls in
the presence or absence (medium alone) of anti-IL-12 MoAb (10 mg/ml),
anti-IL-15 MoAb (5 mg/ml) or anti-IL-18 MoAb (1 mg/ml). Culture super-
natants at day 3 were collected for IFN-g assay with ELISA. Anti-IL-12
and anti-IL-18 monoclonal antibodies significantly inhibited Salmonella-
induced IFN-g production, while the anti-IL-15 monoclonal antibody did
not. No significant inhibition was observed with an isotype-matched anti-
body control (IgG1). Significant differences by Student’s t-test are indi-
cated as single (*P < 0·05) or double (**P < 0·005) asterisks.
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Fig. 5. Surface marker analysis of T cells in systemic and gastroenteric forms of Salmonella infection.The absolute numbers of the indicated
cells in peripheral blood, calculated from the cell number of lymphocytes in peripheral blood and the percentage of each lymphocyte subset
as measured by flow cytometric analysis, are shown. Absolute counts of gd T cells and HLA-DR + gd T cells were elevated significantly in
the systemic compared to the gastroenteric form. An activation ratio in gdT cells was higher than that in ab T cells. The error bars show
the values of median, 90th percentile and 10th percentile. Significant differences by Kruskal–Wallis test or Bonferroni test are indicated as
single asterisks (*P < 0·05).
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well as gd T cell expansion, resulting in IFN-g production in
human Salmonella infection.
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